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Afennst 

When  a  silver  electrode,  electrochemlcally  coated  with  Agl,  Is  Immersed  In  an  electrolyte 
containing  Nal  and  the  diprotonated  form  of  l,4-diazabicyclo[2.2.2]octane  (abbreviated 
DABCO-H22+),  and  is  bathed  In  514.5  nm  radiation  from  an  argon  ion  laser  through  the 
objective  of  the  microscope  attachment  of  the  DILOR  Omars-89  Raman  spectrophotometer, 
crystals  form  from  the  focal  point.  These  are  attributed  to  DABCO-H22+‘2I3‘.  Both 
spectroscopic  and  electrochemical  experiments  are  described  and  interrelated.  A  mechanism 
for  this  photolnduced  electrochemical  crystal  growth  Is  presented. 
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Introduction 

Surface  enhanced  Raman  scattering  (SERS)  from  trlethylenedlamine  (or  1.4- 
diazablcycloI2.2.2]octane.  called  DABCO  for  short)  adsorbed  on  a  silver  electrode  from  an 
aqueous  solution  has  been  extensively  studied  in  our  laboratory.1*4  These  experiments 
included  the  measurement  of  potential  and  excitation  profiles1'2  and  the  dependence  on  pH 
(and  thus  the  degree  of  protonation)  and  on  background  electrolyte.3  The  spectra  of  the 
unprotonated.  cage-like,  molecule  support  the  view  that  a  photon-driven  charge-transfer 
mechanism  plays  a  role  in  SERS  in  addition  to  the  electromagnetic  enhancement  mechanism, 
which  is  always  operative.1*2  The  vibrational  spectra  of  these  molecules  were  also  measured.4 
Subsequent  experiments  have  been  carried  out  in  an  electrochemical  cell  designed  for  use 
under  the  objective  lens  of  the  Raman  microscope.  Under  these  conditions  the  Raman 
spectrum  of  an  acidic  solution  containing  DABCO  and  sodium  iodide  contained  lines  which 
were  not  characteristic  of  DABCO  or  electrode-adsorbed  iodide.  These  new  lines  are  attributed 
to  the  diprotonated  DABCO  trilodide  crystal,  formed,  attached,  and  growing  from  a  laser- 
irradiated  site  on  the  silver  electrode.  This  so-called  photoinduced  electrochemical  crystal 
growth'  is  described  in  this  article. 

A  Dllor  OMARS- 89  spectrometer  with  a  512  channel  diode  array  optical  multichannel 
analyzer  and  microscope  accessory,  interfaced  to  an  IBM-PC-AT  computer,  was  used  for  the 
measurements.  As  excitation  light  sources,  the  514.5  run  line  of  the  Coherent  Innova  70  argon 
ion  laser  and  the  633. 1  nm  line  from  the  Coherent  Model  599  dye  laser  were  used.  The  former 
line  was  used  unless  otherwise  stated.  A  specially  designed  electrochemical  Raman  cell  was 
used  for  the  surface  Raman  measurements  under  the  microscope.5  A  silver  working  electrode, 
which  consisted  of  a  silver  rod  of  5  mm  diameter  and  1 5  mm  length,  sealed  inside  an  8  mm 
diameter  Teflon  sheath,  was  polished  with  0.5  and  0.3  pm  alumina  slurries  on  Metron  cloths. 
A  platinum  wire  and  a  silver  wire  were  used  for  a  counter  electrode  and  reference  electrode. 
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respectively.  The  Inner  solution  of  the  reference  electrode  was  0.5  M  Nal  aqueous  solution 
having  the  same  pH  as  that  of  the  sample  solution,  and  was  separated  from  the  latter  solution 
by  an  agar  salt  bridge  made  of  1  M  potassium  chloride  solution.  Bulk  liquids  were  contained 
in  1.5  mm  glass  capillary  tubes  for  spectral  measurements. 

DABCO  (Aldrich)  and  other  chemicals  used  in  the  experiments  were  of  high  purity. 
Solutions  were  prepared  using  Milli-Q  water. 

Remits  and  Discussion 

Surface  Raman  Spectra  of  DABCO-Nal  Solutions  with  Three  Different  pH  Values 

Raman  spectra  of  the  silver  electrode  surface  were  measured  using  three  aqueous 
solutions  containing  0.5  M  sodium  iodide  and  0.1  M  DABCO  with  pH  values  of  10.77,  6.23  and 
0.23,  adjusted  with  perchloric  acid.  Before  the  measurements  the  silver  metal  was  roughened 
with  several  oxidatlon/reduction  cycles.  Typical  Raman  spectra  of  the  50-500  cm1  region  are 
shown  in  Fig.  1.  For  the  alkaline  solution,  the  spectrum  consists  of  a  small  band,  maximizing 
at  110  cm-1,  as  shown  in  Figure  1-A  For  the  acidic  solution,  shown  in  Figure  1-C,  two 
additional  peaks  at  220  and  160  cm-1  are  observed  and  the  peak  at  110  cm-1  is  strongly 
enhanced.  When  the  pH  of  the  solution  was  6.23,  the  Raman  spectrum,  shown  in  Figure  1-B- 
1,  was  obtained;  it  is  essentially  similar  to  that  of  the  alkaline  solution,  but  the  band  at  220 
cm  1  increased  with  the  irradiation  time  in  the  laser  beam.  Fig.  l-B-2  is  the  spectrum  after  60 
min.  of  irradiation  with  the  514.5  nm  laser  beam.  DABCO  and  its  protonated  ions  have  no 
Raman  vibrational  bands  in  the  spectral  region  less  than  300  cm-1;4  the  bands  shown  in  Fig.  1 
are  related  to  iodide  species. 

Photochemical  Decomposition  of  Silver  Iodide 

When  silver  metal  was  polished  to  a  clean,  bright  surface  and  was  immersed  In  a 
solution  of  1  M  sodium  iodide,  the  surface  immediately  oxidized  and  a  silver  iodide  film  formed 
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on  It.  This  sample,  in  air,  gave  the  Raman  spectra  shown  in  Figure  2.  In  this  experiment,  the 
surface  of  the  sample  was  irradiated  for  a  denoted  time  before  each  measurement  with  100  mW 
of  the  514.5  nm  laser  line.  The  change  of  the  surface  Raman  spectrum  indicates  that  freshly 
prepared  silver  iodide  has  only  one  peak  at  1 10  cm*1  but  another  peak  appeared  at  about  230 
cm*1  and  increased  as  the  irradiation  time  was  lengthened.  The  peak  at  110  cm*1  is  assigned 
to  the  vibration  of  silver  iodide.6  The  Raman  spectrum  of  an  iodine  crystal  (Figure  3-D) 
confirms  that  I2  gives  the  line  at  230  cm*1  (the  line  at  420  cm*1  in  Fig.  3-D  is  an  overtone).7 
The  difference  between  215  and  230  cm*1  is  attributed  to  the  substrata:  bulk  crystal  or  silver 
metal.  The  redox  reaction  of  the  silver  iodide  to  give  iodine  and  silver  by  light  Irradiation  is 
suggested  from  these  facts.  This  reaction  is  familiar  as  the  principle  of  photography. 

A  similar  measurement  was  carried  out  with  silver  metal  covered  with  a  silver  iodide 
film  in  0.5  M  Nal  aqueous  solution  by  irradiating  with  a  100  mW  514.5  nm  laser  beam.  This 
experiment  showed  no  dependence  of  the  Raman  spectrum  upon  the  irradiation  time:  no  215 
(or  230)  cm*1  iodine  line  appeared  even  after  90  min.  of  irradiation.  These  experimental  results 
are  explained  by  the  following  scheme: 


Agl(ad)  +  hv  =  Ag  +  i/2  I2(ad)  (1) 

I*  +  *2(ad)  =  V  12) 

The  second  reaction  indicates  that  the  photoproduced-iodine  reacts  with  the  iodide  ion  coming 
from  bulk  solution  to  form  triiodide  ion  and  diffuses  away  into  the  solution,  thus  not  being 
present  to  give  a  surface  Raman  spectrum.  For  the  in  situ  surface  Raman  measurement,  the 
microscope  was  focused  on  the  silver  surface  through  the  window  of  the  spectroelectrochemical 
cell.  Thus  the  major  information  came  from  a  thin  layer  near  the  silver  surface  and  little 
information  came  from  the  bulk  solution.  The  model  expressed  by  Eq.  (1)  and  (2)  seems 


reasonable. 
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Thc  Raman  spectrum  of  a  solution  containing  I3~  ion  prepared  by  dissolving  0.05  mol  I2 
in  1  M  Nal  solution  was  measured  using  the  633.1  nm  laser  line:  this  solution  was  strongly 
colored.  The  Raman  spectrum  is  shown  in  Figure  3-B.  Figure  3-C  is  the  Raman  spectrum  of  1 
M  Nal  solution.  Comparison  of  Fig.  3-B  with  Fig.  3-C  indicates  that  I3*  ion  has  a  line  at  120 
cm'1  with  a  shoulder  at  160  cm'1.  The  line  at  120  cm-1  has  been  assigned  to  the  symmetric 
stretching  vibration  of  I3'  ion.  and  that  at  160  cm1,  to  the  asymmetric  stretching  vibration.6'8 
Thus  the  line  observed  at  160  cm*1  of  Fig.  1-C  (which  is  shown  in  Fig.  3-A,  again)  arises  from 
the  asymmetric  stretching  vibration  of  I3*  ion  and  the  veiy  intense  line  observed  at  1 10  cm*1  is 
a  superposition  of  the  symmetric  stretching  vibration  of  I3‘  ion  and  that  of  silver  iodide. 

The  I3‘  ion  was  detected  only  by  the  surface  Raman  measurement  and  only  from  acidic 
solution.  A  freshly  prepared  acidic  solution  was  colorless  and  did  not  contain  any  I3‘  ion. 
These  facts  suggest  that  the  I3‘  ion  explaining  Fig.  1-C  (3-A)  was  not  a  dissolved  species  in  the 
bulk  of  the  sample  solution,  but  was  a  species  fixed  on  the  silver  metal  surface:  it  was  detected 
only  when  the  microscope  was  focussed  on  the  surface. 

Cooperative  Deposition  of  Diprotonated  DAB  CO  Triiodide  on  the  Silver  Metal  Surface 

DABCO  is  a  diamine  and  can  exist  in  three  forms  in  aqueous  solution. 


In  the  solutions  with  pH  10.77,  6.23,  and  0.23  the  major  species  of  DABCO  are  the 
unprotonated  form,  the  monoprotonated  (DABCO-H+),  and  the  diprotonated  (DABCO-H22+), 
respectively.  In  the  acidic  solution,  the  diprotonated  species  seems  to  play  an  important  role  in 
fixing  the  I3*  ion  on  the  silver  surface  as  a  counter  cation. 

DABCO-H22+  +  2I3*  =  DABCO-H2(I3)2(ad)  (3) 

On  the  other  hand,  there  is  no  evidence  of  the  presence  of  monoprotonated  DABCO 
trllodlde  on  the  silver  surface  in  the  Raman  spectrum  of  the  near  neutral  solution  (Fig.  1-B). 
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Furthermore,  in  alkaline  solution  no  signals  from  unprotonated  molecular  DABCO  were 
observed  and  hence  it  appears  not  to  fix  the  triiodide  ion  on  the  silver  surface.  Signals  from 
the  triiodide  ion  and  DABCO-H22+  were  observed  in  the  surface  Raman  spectrum  only  for  the 
acidic  solution. 

Effect  of  Electrode  Potential  on  Adsorption  of  Species 

Cyclic  voltammograms  of  0.5  M  Nal,  0.1  M  DABCO  solutions  with  pH  10.72,  5.40  and 
0.93  are  shown  in  Figure  4.  The  potential  of  the  working  electrode  was  measured  against  a 
silver/silver  Iodide  electrode  separated  from  the  sample  solution  by  the  salt  bridge,  where  the 
inner  solution  of  the  reference  electrode  was  0.5  M  Nal  with  the  same  pH  as  the  sample 
solution,  but  DABCO-free.  The  voltammogram  of  the  alkaline  or  the  pH  =  5.40  solution  has  an 
equilibrium  potential  near  zero  volt.  Even  a  little  anodic  polarization  causes  oxidation  current 
to  flow.  In  the  alkaline  solution,  a  mixture  of  silver  iodide  and  silver  hydroxide  seems  to  cover 
the  electrode  surface;  but  in  the  pH  5.40  solution,  only  silver  iodide  is  expected.  The  oxidation 
current  continuously  increased  for  the  alkaline  solution  (Fig.  4-A);  but  it  decreased  again  after 
passing  a  maximum  oxidation  current  at  +0.05  V  for  the  pH  5.40  solution  (Fig.  4-B).  This 
suggests  that  the  silver  Iodide  film  passivates  the  surface  but  the  silver  hydroxide  film  does  not 
form  a  protective  layer.  At  cathodic  scan,  all  voltammograms  show  a  reduction  current 
maximum  and  a  following  degradation.  After  the  reduction  of  adsorbed  silver  ion  no  Faradalc 
current  flow  was  observed  up  to  the  potential  of  hydrogen  evolution. 

The  cyclic  voltammogram  of  the  solution  with  pH  0.93  differs  from  those  of  pH  10.72 
and  pH  5.40.  The  oxidation  current  commences  at  -0.08  V,  compared  to  eg-  0  V  for  the  pH 
5.40  or  the  alkaline  solution.  This  cyclic  voltammogram.  Fig.  4-C,  is  interpreted  as  a 
combination  of  two  Independent  voltammograms:  one  contribution,  shown  by  the  hatched 
lines  in  Fig.  4-C,  is  obviously  the  same  as  that  of  Fig.  4-B.  This  contribution  comes  from  the 
silver/silver  Iodide  redox  couple.  The  other  contribution,  giving  large  oxidation/reduction 


♦ 


-8- 


peaks,  is  attributed  to  the  diprotonated  DABCO  triiodide  species.  It  is  reasonable  to  suppose 
that  the  latter  redox  reaction  occurs  on  the  illuminated  region  of  the  silver  electrode  where  the 
laser  is  focussed,  while  the  former  redox  reaction  occurs  on  the  dark  regions  of  the  electrode. 

The  corresponding  Raman  spectra  at  several  applied  potentials  can  be  seen  in  Figures  5 
to  10  for  the  three  solutions.  Three  bands  sire  observed  in  the  50-500  cm*1  region:  110,  160 
and  220  cm*1.  The  Raman  spectrum  of  the  alkaline  solution  was  almost  the  same  as  that  of 
the  neutral  solution.  The  sharp  peaks  at  105  or  109  cm*1  were  observed  at  anodic  potential, 
+100  mV.  This  band  is  ascribed  to  the  stretching  vibration  of  silver  iodide  adsorbed  on  silver. 
But  this  peak  disappeared  and  only  a  shoulder  was  observable  at  more  negative  potentials. 
This  low  intensity  shoulder  at  1 13  cm*1  may  be  ascribed  to  adsorbed  iodide  ion  on  the  reduced 
silver  metal  surface.  For  the  solution  with  pH  5.20.  another  peak  at  212  cm*1,  ascribed  to 
iodine,  was  observed  only  at  +100  mV.  At  negative  potentials  the  silver  cation  of  silver  iodide  is 
electrochemically  reduced:  thus  the  photodecomposition  of  silver  iodide  cannot  occur,  and  no 
iodine  is  expected  at  such  potentials.  On  the  other  hand,  in  the  alkaline  solution,  the  film 
covering  the  electrode  seems  to  be  mainly  silver  hydroxide.  Thus  the  possibility  of 
photodecomposition  of  silver  iodide  and  the  observation  of  an  iodine  band  is  small,  even  at 
anodic  potentials:  thus  no  detectable  peak  of  iodine  was  observed  in  Figure  5. 

In  Figure  7,  where  the  Raman  spectra  of  the  acidic  solutions  are  shown,  the  band 
ascribed  to  I3*  and  that  to  iodine  can  be  seen,  even  at  -100  mV,  at  160  and  220  cm*1 
respectively.  This  observation  is  very  reasonable  when  the  cyclic  voltammogram  shown  in  Fig. 
4-C  is  interpreted.  It  suggests  that  the  diprotonated  DABCO  triiodide  giving  these  peaks  is 
stable  up  to  about  -100  mV.  The  oxidation  wave  at  -50  mV  and  the  reduction  wave  at  -150  mV 
relate  to  the  following  reactions: 
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2  Ag  +  2  I'  = 

2  Agl  +  2  e* 

(4) 

2  Agl  +  2  hv  = 

2  Ag  +  I2 

(5) 

I2  +  I*  = 

V 

(6) 

DABCO-H22+  +  2I3*  = 

DABCO-H2(I3)2 

(7) 

The  net  reaction  can  be  expressed  as  follows 

(Ag) 

DABCO-H22+  +  6T  +  2hv  =  DABCO-H2(I3)2  +  4  e*  (8) 

And  the  equilibrium  potential  of  this  total  reaction  seems  to  exist  at  a  potential  near  - 100  mV. 

In  Figure  8,  9.  and  10,  surface  Raman  spectra  of  the  500  to  950  cm-1  region  are  shown 
for  these  solutions.  Intensities  were  very  weak  and  thus  the  spectra  show  a  low  signal-to-noise 
ratio.  A  800  cm*1  peak  observed  for  almost  all  spectra  has  been  ascribed  to  the  cage-breathing 
vibration  of  a  DABCO  species.4  A  splitting  of  this  peak  was  observed  at  +100  and  -100  mV  for 
acidic  (pH  0.85)  solution,  as  shown  in  Figure  10-A.B;  at  more  negative  potentials,  including  - 
150  and  -300  mV.  the  splitting  did  not  appear,  as  shown  in  Fig.  10-C  and  D.  The  splitting  of 
the  peak  suggests  that  the  diprotonated  DABCO  exists  in  two  different  environments.  They 
could  be  the  free  species  and  a  surface-fixed  species  of  diprotonated  DABCO  triiodide. 

A  photograph  of  the  crystal  formed  at  the  focal  point  of  the  laser  beam  on  the  electrode 
is  shown  in  Figure  11;  this  was  taken  after  keeping  the  silver  electrode  at  +100  mV  for  three 
hours  under  514.5  nm  300  mW  laser  irradiation  in  the  solution  with  pH  0.93.  Every  needle¬ 
like  crystal  is  growing  from  the  focal  point.  These  crystals  were  stable  and  unchanged  even  at 
-100  mV.  When  the  electrode  potential  was  made  more  cathodic,  e.g.  up  to  -150  mV.  these 
crystals  disappeared  immediately  and  completely.  The  -150  mV  was  the  potential  at  which  the 
large  cathodic  current  of  Fig.  4-C  started  to  flow.  Crystals  were  not  found  when  diprotonated 
DABCO  was  absent.  Unfortunately,  the  size  of  the  crystal  was  too  small  for  elemental  analysis. 

In  summary,  the  phenomena  occurring  on  the  silver  electrode,  when  in  contact  with  the 
acidic  solution,  are  illustrated  in  Fig.  12.  The  following  steps  would  proceed  only  at  a  potential 
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more  positive  than  -150  mV  and  only  in  acidic  solution.  As  step  1,  electrochemical!/  formed 
silver  iodide  is  photodecomposed  to  atomic  silver  and  iodine.  The  atomic  iodine  can  form  a 
triiodide  ion  with  another  iodide  ion  coming  from  bulk  solution  (step  2);  it  is  fixed  on  the 
electrode  surface  to  make  an  ion-pair  with  a  diprotonated  DABCO  cation  (step  3).  Another 
silver  iodide  is  photodecomposed  and  the  steps  1-3  are  repeated.  This  results  in  the  growth  of 
the  diprotonated  DABCO  triiodide  crystal.  This  crystal  has  a  stoichiometry  and  structure 
similar  to  the  polyiodide  of  DIPSPh4  (tetraphenyldithiapyranylidene).10*11  Crystale  of  organic 
polyiodides  are  reported  to  have  high  conductivity.7'9'12 
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Figure  1:  Surface  Raman  spectra  of  silver  metal  In  0.5  M  Nal  and  0.1  M  DABCO  solutions 
with  A:  pH  10.77,  B:  pH  6.23  and  C:  pH  0.23.  B-2  is  the  spectrum  after 


irradiation  with  laser  light  of  514.5  nm  and  100  mW  for  60  min. 

Figure  2:  Surface  Raman  spectra  of  silver  metal  covered  by  a  silver  iodide  film.  In  contact 
with  air,  after  514.5  nm  laser  beam  irradiation  for  A:  0,  B:  60,  C:  90,  and  D: 
120  min. 

Figure  3:  Comparison  of  several  Raman  spectra;  A:  surface  Raman  spectrum  of  silver  metal 

in  0.5  M  Nal  and  0. 1  M  DABCO  solution  with  pH  0.23;  B:  bulk  Raman  spectrum 
of  a  solution  of  1  M  Nal  and  0.05  M  I2;  C:  bulk  Raman  spectrum  of  a  solution  of  1 
M  Nal;  and  D:  surface  Raman  spectrum  of  pure  iodine  crystal. 

Figure  4;  Cyclic  voltammograms  of  the  solutions  of  0.5  M  Nal  and  0. 1  M  DABCO  with  A:  pH 
10.72,  B;  pH  5.40,  and  C:  pH  0.93,  respectively.  Scan  rate  is  10  mV/s. 

Figure  5:  Dependence  of  the  surface  Raman  spectrum  of  the  silver  electrode  in  the  50-500 

cm-1  region  on  the  electrode  potential  for  0.5  M  Nal  and  0.1  M  DABCO  solution 

with  pH  10. 14. 

Figure  6:  Dependence  of  the  surface  Raman  spectrum  of  the  silver  electrode  in  the  50-500 
cm'1  region  on  the  electrode  potential  for  0.5  M  Nal  and  0.1  M  DABCO  solution 
with  pH  5.20. 

Figure  7:  Dependence  of  the  surface  Raman  spectrum  of  the  silver  electrode  in  the  50-500 

cm-1  region  on  the  electrode  potential  for  0.5  M  Nal  and  0.1  M  DABCO  solution 

with  pH  0.85. 

Figure  8:  Dependence  of  the  surface  Raman  spectrum  of  the  silver  electrode  in  the  500-950 
cm-1  region  on  the  electrode  potential  for  0.5  M  Nal  and  0.1  M  DABCO  solution 
with  pH  10. 14. 
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Figure  9: 


Figure  10: 


Figure  11: 


Figure  12: 


Dependence  of  the  surface  Raman  spectrum  of  the  silver  electrode  In  the  500-950 
cm*1  region  on  the  electrode  potential  for  the  0.5  M  Nal  and  0.1  M  DABCO 
solution  with  pH  5.20. 

Dependence  of  the  surface  Raman  spectrum  of  the  silver  electrode  in  the  500-950 
cm*1  region  on  the  electrode  potential  for  the  0.5  M  Nal  and  0.1  M  DABCO 
solution  with  pH  0.85. 

A  typical  diprotonated  DABCO  triiodide  crystal  formed  upon  the  silver  electrode 
after  being  kept  at  +100  mV  vs.  Ag/AgI  for  3  h  with  514.5  run  300  mW  laser 
irradiation. 

Schematic  illustration  of  the  mechanism  for  the  formation  of  the  diprotonated 
DABCO  triiodide  crystal  on  the  silver  electrode. 


wavenumber  /  cm'1 


Figure  l:  Surface  Raman  spectra  of  silver  metal  In  0.5  M  Nal  and  0.1  M  DABCO  solutions 
with  A:  pH  10.77,  B:  pH  6.23  and  C:  pH  0.23.  B-2  is  the  spectrum  after 
Irradiation  with  laser  light  of  514.5  nm  and  100  mW  for  60  min. 
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Figure  3: 


Comparison  of  several  Raman  spectra;  A:  surface  Raman  spectrum  of  silver  metal 


In  0.5  M  Nal  and  0. 1  M  DABCO  solution  with  pH  0.23;  B:  bulk  Raman  spectrum 
of  a  solution  of  1  M  Nal  and  0.05  M 1$;  C;  bulk  Raman  spectrum  of  a  solution  of  1 
M  Nal;  and  D:  surface  Raman  spectrum  of  pure  iodine  crystal. 


Figure  4: 


Cyclic  voltanunograms  of  the  solutions  of  0.5  M  Nal  and  0. 1  M  DABCO  with  A:  pH 
10.72.  B:  pH  5.40.  and  C:  pH  0.93.  respectively.  Scan  rate  is  10  mV/s. 
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Figure  6: 


Dependence  of  the  surface  Raman  spectrum  of  the  sliver  electrode  In  the  50-500 
cm*1  region  on  the  electrode  potential  for  0.5  M  Nal  and  0.1  M  DABCO  solution 


with  pH  5.20. 
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Figure  7:  Dependence  of  the  surface  Raman  spectrum  of  the  silver  electrode  in  the  50-500 
cm*1  region  on  the  electrode  potential  for  0.5  M  Nal  and  0.1  M  DABCO  solution 
with  pH  0.85. 
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Figure  8:  Dependence  of  the  surface  Raman  spectrum  of  the  silver  electrode  In  the  500-950 
cm*1  region  on  the  electrode  potential  for  0.5  M  Nal  and  0.1  M  DABCO  solution 
with  pH  10.14. 
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Figure  9: 


Dependence  of  the  surface  Raman  spectrum  of  the  silver  electrode  In  the  500-950 
cm*1  region  on  the  electrode  potential  for  the  0.5  M  Nal  and  O.l  M  DABCO 


solution  with  pH  5.20. 


Figure  10:  Dependence  of  the  surface  Raman  spectrum  of  the  silver  electrode  in  the  500-950 
cm*1  region  on  the  electrode  potential  for  the  0.5  M  Nal  and  0.1  M  DABCO 
solution  with  pH  0.85. 


Figure  11:  A  typical  diprotonated  DABCO  triiodide  crystal  formed  upon  the  silver  electrode 


after  being  kept  at  +100  mV  vs.  Ag/AgI  for  3  h  with  514.5  nm  300  mW  laser 
irradiation. 
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